Background and Purpose: B-mode ultrasound is a widely used technique for the clinical and epidemio-
B efore the introduction of noninvasive high-resolution imaging, assessment of arterial wall atherosclerosis was restricted to pathology and angiography studies. More recently, reports have appeared using ultrasonography of the extracranial carotid arteries to establish the extent of atherosclerosis in clinical populations.' Although some investigators have described the extent of carotid disease in neurologically asymptomatic patients with carotid bruits,2-5 these patients are not representative of general populations.6
Most studies of carotid arteries in nonclinical populations have used stenosis as the measure of atherosclerosis,7-l1 which is a relatively late manifestation of the disease. Early phases of atherosclerotic plaque formation may result in thickened arterial walls with simulta-Thus, there is growing interest in measuring intimalmedial thickness (IMT) to study the natural history of earlier changes.
The Atherosclerosis Risk in Communities (ARIC) study uses B-mode ultrasonography to estimate arterial wall IMT in general populations of middle-aged black and white men and women.14 This report describes far wall (relative to the skin surface) IMT distributions in extracranial carotid arteries.
Subjects and Methods
The ARIC cohort is a population-based probability sample of 15 800 participants aged 45 to 64 years from four US communities.14 From May 15, 1987 , through December 1989, 13 870 carotid B-mode real-time ultrasound examinations were performed as part of the baseline examination. The reduced sample size (15 800 versus 13 870) was because the results from "early" ultrasound exams in ARIC were considered unreliable and were excluded from this analysis. Of the 13 870 ultrasound scans, 46 were performed on participants who were neither black nor white, and these subjects are omitted from this report. As shown in Fig 1, At any carotid segment, it was sometimes not possible to visualize the far wall intima-media boundary sufficiently to make any measurements. Because images are more difficult to obtain in deeper segments, the proportion of participants with visualized walls was greatest at the CCA, followed by the BIF, with the least at the ICA. Hence, the realized sample size is smaller at the more distal segments. Moreover, it may not be reasonable to assume that missing data is a random phenomenon. Strictly speaking, our results describing the distribution of IMT apply only to the subgroup with visualized far walls, and inference to the general population must be made with caution. However, analyses undertaken to evaluate the impact of missing data have shown little effect, and we do feel that these results are representative of the general population.
Two For all four race-sex groups, the BIF had generally larger IMT than the CCA. The frequency polygons of IMT for the BIF peak approximately 0.1 mm greater than for the CCA, and the corresponding medians also differ by approximately 0.1 mm ( Table 1 ). The frequency polygons show greater variation in IMT at the BIF than at the CCA, and the BIF also had a greater difference between the 25th and 75th percentiles (interquartile range). For example, in Table 1 it can be seen that at age 55 the interquartile range for black women at the CCA is 0.19 mm compared with 0.31 mm at the BIF, for black men 0.22 mm compared with 0.34 mm, for white women 0.17 mm compared with 0.27 mm, and for white men 0.21 mm compared with 0.39 mm. The proportion of participants with IMTs greater than 1.0 mm is considerably greater for the BIF than for either the CCA or the ICA.
The ICA had IMT values similar to those observed for the CCA with respect to both peak values and medians. However, there are larger proportions of There was greater variation in IMT among older participants for all race-sex groups in all carotid segments. For example, the difference between the estimated 5th and 95th percentile was greater at age 65 than at age 45 in all 24 of race-sex and carotid segments combinations (Table 1 ). White's test18 showed there to be a significant (Pc.05) degree of heteroskedasticity for each race-sex-site combination except the left ICA of black men (P=.10), the right ICA of black men (P=.17), and the right ICA of black women (P=.40). For each of these exceptions, there was a trend for greater variance with older age; however, the relatively small sample at the ICA in blacks reduced the power of the statistical evaluation. The heteroskedasticity is evidenced in the divergence of the percentile regression lines, which is more pronounced at both the BIF and ICA than at the CCA, although some subgroups demonstrate a plateau at the highest percentiles of the BIF. The appendix provides estimates of percentile cut-points at the CCA, BIF, and ICA for both the right and left carotid system at 10-year intervals for each race-sex group.
Discussion
All four race-sex groups of middle-aged adults demonstrated similar age-related, arterial segment-specific distribution patterns for carotid IMT. Individuals tended to have greater IMT in the BIF than in the CCA. ICA values were more variable, with higher proportions of both smaller and larger IMT than in the CCA. The proportion of individuals with large IMT was greatest at the BIF and smallest at the CCA. Among both blacks and whites, men had larger IMT than did women at all segments and all percentiles.
Intimal-medial arterial wall thickness, as reported in this article, may be the most sensitive and reliable indicator of the presence and extent of early atherosclerosis obtainable by noninvasive procedures. Several kinds of evidence support the validity of this measure- ment as an index of atherosclerosis. One kind of evidence is the correspondence between the population distributions of the measurements presented here and the known distributions for atherosclerosis. The International Atherosclerosis Project19 used standardized measurement of arteries collected in medicolegal departments of general hospitals and examined carotid arteries from both Guatemala, which had a low prevalence of atherosclerosis, and Oslo (Norway) with a high prevalence. Among persons aged 45 to 64 years, raised atherosclerotic lesions were found in the common or the extracranial portion of the ICAs from all 265 persons examined in Oslo and more than 90% of the 100 persons examined in Guatemala. Raised lesions covered approximately 8% of the intimal surface of these arteries in Guatemala and 20% in Oslo, with marked predilection for the area within 1 to 2 cm of the bifurcation, which is the same area as is studied here. Pignoli found only 6% of 500 patients with an average age of 64 years with nonvascular diagnoses (such as epilepsy and headache) had a "mild" or greater stenosis, and only 1.2% had a "severe" stenosis. In the Augsburg MONICA population, greater than 75% stenosis was observed in only 0.6% of the participants aged 25 to 65 years, although plaques were identified in 24% of participants. 8 Colgan et a17 also reported that although 31% of 348 participants screened at a health fair (average age, 61 years) had some evidence of plaque, only 4% had greater than 50% stenoses and only 1% had stenosis above 80%. Langsfeld and Lusby,9 reportstenosis of greater than 20%, while only 1% of participants had stenosis exceeding 50%.
Although the relations between age and IMT seen in ARIC were observed cross-sectionally, an analysis that does not permit tracking individuals as they age, they suggest that IMT increases with advancing age in all carotid segments. The mean far wall increases approximated 0.015 mm/y in women and 0.018 mm/y in men at the BIF and 0.010 mm/y in both sexes at the ICA. The upper percentiles of IMT distributions indicated much greater progression rates and greater differences between the BIF and the CCA in those men and women aged 45 to 65 years. Autopsy studies have reported that the extent of atherosclerotic involvement is greatest near the carotid BIF and in the proximal portion of the ICA.25,26 Thus, the steeper relations between IMT and age at the BIF and ICA suggest more rapid atherosclerotic progression at these segments.
Data from the ARIC study suggest that IMT increases with age in most of the population. Even the 5th percentile of IMT, at the thinnest end of the distribution, is somewhat greater in older than in younger participants (Fig 3) . The upper percentiles suggest much more rapid change. If atherosclerosis is the pathology underlying most of these changes, as we believe, its progression in the extracranial carotid arteries appears to be nearly universal in the study communities.
These cross-sectional data suggest that longitudinal estimates of progression rate among ARIC participants will be substantially less than the mean rate of 0.06 mm/y reported for the CCA in Finnish men. 22 The conclusion that would follow from the Finnish data seems improbable, because progression at a rate of 0.06 mm/y in both far and near walls in the absence of compensatory dilation would completely occlude a 6-mm lumen in 50 years, unlikely in all but a small proportion of 50-year-old individuals.
The higher percentiles at the left BIF of both white men and black women appears to reach a plateau at older ages. There are several possible explanations for this apparent flattening. First, the variance of this relation increases at the upper percentiles, so that this finding may reflect chance variation in our estimation of the true percentile line. Secondly, the flattening could be a "healthy participant" effect, by which older individuals with large IMT are not represented in the cohort because of early mortality, perhaps from cardiovascular diseases. Unfortunately, in this cross-sectional examination there are not data that are part of the ARIC study to assist in documenting the source of this plateauing.
There is a possibility that the thicknesses of the nonvisualized segments differ from those that were visualized, resulting in a bias in the description of the distribution of thickness. This, however, is unlikely to dramatically affect the estimation of the distributions because visualization is primarily related to arterial depth and ponderosity, factors that in the ARIC data are not strongly related to wall thickness. For 
